Processing Effects on the Chemical Composition and Nutritional Potential of the Pigeon Pea(cajanus Cajan L.) by Oloyo, Raheem A.
j
1\
\
The effects of processingon the chemical composition and nutritionalpotentialof the seeds of Cajanus
cajan have been estimated.Raw,soaked, cooked, and autoclavedseeds wereanalysedfor proximatecom-
position,calcium,magnesium,phosphorus,manganese,iron,copper,structuralcarbohydrates,nutritiveand
non-nutritivematterand certainantinutritionalfactors (phyticacid, total oxalate,tannins,total phenolicsand
trypsininhibitoractivity).The resultsindicatedthatthe caloric valueof the seeds was improvedby soaking,
cooking and autoclaving,and thatcooking and autoclavingsignificantlyloweredthe levelsof antinutritional
factors in the seeds. '
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INFLUENZA DEL PROCESSO SULLA COMPOSIZIONE CHIMICA ED IL POTENZIALE NUTRIZIONALE 01
CAJANUS CAJAN L.
E statastudiataI'iqfluenzadel processodi laitorazionesuI/a:composizionec1!imicaed il potenzialenu!rizio"
naledei semidi Cajanuscajan.Semigrezzi,lasciali inammql/o,cotti e irattatiinautoclavesono staUesami-
nati per studiameI~composizionechimica,if contenutoinea1cio,magnesio,fosforo,manganese,ferro,ra-
me, carboidrati,sostanzenutritiveed anti-nutrizionalied alcUnifat/oricome acido fitico,ossalaUtotali,tanni-
ni, fenolied attivita'anti-tripsinica.I risu/tatiindicapoche il valorecalorico migliorapei' i semi immersiin ac-
qua,cotti ed autoc/flvatieche la cot/Lira,eifpassaggioin aqtoclaveabbassain modo significativoillivel/o dei
faltorianti-nutrizio/iali. " .
Parole clliave;Cajci.ncajanus,metodidi trattamento,composizione chimica,faltor;anti-nutrizionali
, INTRODUZIONE
A gap exists between tl~epopulation growth and pro-
tein supply in Nigeria, where pro capite income is low
and majority consume less protein than the recommen-
ded daily allowance. A concern of nutritionists in the
country therefore is to find alternative source of protein.
Food legumes such as Vigna unguicUICjtaand Glycine
max.have been targeted'in the campaign !or increased
consumption. However, yet unexploited is the utility of ,
the seeds of Cajanus cajan, a legume whose cultivation
is well supported by soil and prevailing climatic condi-
tions of the western region of Nigeria. Indeed, in the geo-
graphical zone of the couhtry, the seeds are boil~ and
eaten by the natives [11].
•
,',,~,,
CajanlJ.scajan L. seeds
The purpose of this study was to determine the chemi-
cal composition and to evaluate the nutritional potential
of the seeds of Cajanus cajanas affected by processing
methods.
MATERIALS AND METHODS
Sample collection and preparation
Tile seeds of Cajanus cajan L. cv \ITA 8860 were collec-
ted from the InternationalInstitule of Tropical Agriculture,
Ibadan, Nigeria and were processed as follows:
• Soaking - Dry seeds were soaked at room temperature
in deionised water for 48 hs. Soal<ingwater was chan-
ged every 6 hs, and at the end-of tile soaking period
tile seeds were drained of exCess water and freeze-
dried.
• .Cooking - The cooking procedure of Manan et al. [14]
was adopted. The seeds were steeped in excess deio-
nised water for 4 hs at room temperature.After inhibi-
tion, the excess was drained off. An additional quantity
of deionised water was added to the steeped seeds
and the mixture was boiled for 40 min. After cooking,
the excess water was removed and the cooked seeds
were freeze-dried.
• Autoclaving - Tile dry seeds were milled, autoclavecl
for 20 Inin at 10.400kgnr2and then freeze-dried.
Freeze-dried samples of ralll(,soaked, cool<ed,germina-
ted and autocIClved>-see"ds'were ground separately to
pass lhrough a 40 masll'sieve in preparalion .for subse-
quent cllemical analyses.
Analytical procedure
S<:\l'nplesof raw and of the differently processed seeds
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Table1-Proximateand mineralcomposition of Cajanuscajan as affectedby processing methods"
Processingmethod
Component Raw Soaking Cooking Autoclaving ±SEM+
Proximate composition
Crudeprotein,%
21.8521.32.69010.18
Fat,%
2,70.2420. 05
Crudefibre,%
8.37 85,,21
Ash,
4 634326
Nitrogenfr eextractives,%
62,565, 5434 7670
Ener y,Kcal/100g
361 9 b**3 .20a68, 5a. 03
Mineral composition alcium,mg/100g
1 0. 0127. b1 c,61 9
agnesiu ,mg/1009
8 ,86a9 b98c8 , a4,99
Phosphorus g/1009
290 00a. b8 8
M nganese g
495,0 4
Iro ,mg/100g
5 525 37
pp r,mgl. g
00
,
(*)Valuesare on drymatter(OM)basis;+SEM,s~andarderrorof themean;(**)Meanvaluesina rowde-
notedbydifferentsubscriptsdiffersignificantlyat P::;0.05
Table II - Structural carbohydratesand nutritiveand non-nutritivefractions of Cajanus cajan as
affectedby processing methods"
Processingmethod
Component Raw Soaking Autoclaving ±SEM+
Structural carbohydrates
Cellwallcarbohydrates,%
8.767.90468,050.270
Cellulose,%
4 234 3713039
H micelhJlose,%
53 5, 72308
Nutritive components· ul rcontent,%
91.709 . 5.0 2
Organiccellularcontent,%
87.65b**8 , 5a9 4 a8 . 5 b, 7
So ubl ash,%
4.0 a1 b3,8 ab0 219
l l arbohydrate,%
67,15b6 8322
on-nutritive.c mponents Acid-insolu leash,%
0...1
Ligni ,%
.1, 0221, 4
N - utritivematter,%
~
2.05 2
(*)Values areon OM basis;+SEM,standarderrorof themean;(**)Meanvaluesin a"rowdenotedby dif-
ferentsubscriptsdiffersignificantlyat P::;0.05
were analysed for proximate composition [1].The crude
protein content was calculated by multiplying the per
cent Kjeldahl nitrqgen by the factor 6.25. Total ash was
fractionated into &cid soluble ash (SA) and insoluble ash
(AlA) as described by Egan et a!. [6].The energy content
was determined by multiplying the percentages of crude
protein, crude fat and nitrogen free extractives by the
factors 4, 9, 4, respectively [17].
Calcium, magnesium, manganese, iron and copper
contents were analysed by atomic absorption spec-
trophotometric method [18].Phosphorus content was de-
termined colorimetrically using phosphovanado molyb-
date method of AOCA [1].
Cell wall carbohydrate (CWC), cellulose, hemicellulose,
cellular content (CC), organic cellular content (OCC), so-
luble carbohydrate (SC), non-nutritive matter (NNM), and
lignin contents of all samples were determined by the
procedures of Fonnesbeck [7]. Digestible energy values
of samples for different laboratory animals were estima-
ted by fitting data from chemical analyses into the predic-
tion equations described by Fonnesbeck [7].
Antinutritional factors such as phytic acid [22] total"
oxalate [12],tqnnins [4],and total phenolics [21]contents
were estimated. Trypsin inhibitor assay was done by the
method of Kakade et a!. [10].
Statisticalanalysis
All data were subjected to analysis of variance in accor-
dance with the method of Gomez and Gomez [8]. Signifi-
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.p
±SEM**AutoclavedCooked
DE Kcal/100g DM obtainablefrom
SoakedRawLaboratoryanimal
<!:fX'
.// Table III - Estimateddigestibleenergy(DE) values of raw and differentlyprocessed
. III' Cajanus cajan for differentlaboratoryanimals+ . .
~.,J
.!./
/.-
..('?
(/",'
Rabbit 313.01313.120 275 68
Rat
9 2697 8540 68
Swine
8 73790
Mean
36B.33b* .6B.90ab.77371 34a±O.6 **
r,
(+)Predictionequationsof Fonnesbeck[7]usedforDE estimationare:
Rabbit:DE=4.67- 0.231NNM (%) - 0.0456CP (%) R20.971 ; Syx,0.101
Rat: DE=2.54- 0.0272CF (%) +0.0241SC (%) R2 0.973; Sy.x,0.094
Swine: DE=2.22+0.0292SC (%) - 0.129lignin(%) R2 0.983; Syx,0.073
(*)Meanvaluesina rowdenotedbydifferentsubscriptsdiffersignificantlyatP:s0.05;
(**) SE:M,standarderrorof themean
Table IV - Antinutritionalfactors in Cajanus cajanas affectedby processing method
Processingmethod
Component Raw Soaking Cooking Autoclaving ±SEM*
Phylica~id,mg/100g
810.50a**126.68b1;32.52127.02b70 445
Totaloxalate.%
5.44.15b5.42b2.6 2
Tannins,mg/100g
2.23a0 c9602. .82
otalphenolics,fl /1009
22 754. 5a3 790
Trypsininhibitoryactivity*
. 2J6 8 aO.OObO OOb8
(*)SEM, standarderrorof themean;(**) meanvaluesin a rowdenotedby differentsubscriptsdiffersig-
nificantlyat P.s0.05;(+)expressedas unitsof enzymeactivityinhibitedpermgprotein
otlydifferent treatment means were separated by the
ethodof Duncan [5].
ESULTS AND DISCUSSION
TableI shows the proximate and mineral composition
Itheseeds of Cajanus cajan. Compared to the seeds of
idelyconsumed Vigna unguiculata in Nigeria,the results
lvealedthat the seeds of Cajanus cajan contained lower
llalcrude carbohydrate (NFE) but they had higher crudEf
brecontents. However, seeds of both legumes were si-
nilarin crude protein, fat'and ash contents. With the ex-
:aptionof their higher crude fibre content, the seeds of
:ajanuscajan were closer to the seeds of Phaseolus lu-
IIltus in proximate composition [16].The caloric value of
;ajanuscajan was about the same with the food energy
laluesof Vigna unguiculata, Phaseolusvulgaris, Phaseo-
us limensis, Pisum sativumand Lens culineris [15].
With the exception of calcium, the seeds of Cajanus
cajanwere superior to those ofAbrus precatoiius [19] in
Iheircontents of the mineralelements determined in this
study.Cajanus cajan seeds were richer in their mineral
compositionthan the seeds of Vigna'unguiculata, Pha-
sealusvulgaris, Lens culineris andPisum sativum [11].
Experimentaltreatmentssignificantly affected the calo-
ncvalue, calcium, magnesium and phosphorus contents
ofthe seeds of Cajanus cajan (Table I). Caloric value in-
creasedwith soaking, cooking and autoclaving. Ca, Mg
andP contents were reduced with soaking and cooking,
butwere unaffected by autoclaving.
Estimation of the total caloric value of foods by the
methods of Osborne and Voogt [17] was based on
energy contributed by protein, fat and carbohydrate. Cru-
de fibre (or CWC) was not considered on the assumption
that it was indigestible by human digestive enzymes [20].
On the contrary, Fonnesbeck [7] confirmed partial utiliza-
tion of eweand declared lignin as the indigestible com-
ponent of the CWC. Together with AlA, lignin constituted
the non-nutritivematter of the food. Furthermore, Fonne-
sbeck [7] established regression equations describing
the relationship between nutritive and non-nutritive com-
ponents of foods and digestible energy (DE) values of su-
ch foods for differentspecies of animals.
Consequently, structural carbohydrates, nutritive and
non-nutritive fractions and estimated DE values of raw
and differently processed' seeds of Cajanus cajan were
determined and the results are shown in Tables II and III.
While oecincreased marginally in autoclaved seeds, si-
gnificant increases were found in cooked seeds, whereas
a marginal reduction was noted in autoclaved seeds. All
the processing methods markedly increased the SC con-
tents of the seeds. DE values increased marginally in
soaked and cooked seeds, but increased significantly in
autoclaved ones.
Like the aforementioned legumes, the seeds of Cajanus
cajan contain antinutritional factors such as phytic acid,
oxalate, tannins, phenolics and trypsin inhibitor (Table IV)
all of which have been reported to limit the utilisation of
the legumes by interfering with the digestion, absorption
and metabolism of the valuable nutrients they contain
[13].Attempts have been made with remarkable success
to improve availabilityof nutrients in the legume seeds by
soaking and heat treatment[9, 16, 3, 14, 2].
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~"fheeffectof processingonthephyticacid,totaloxala-
te, tannins,totalphenolicsandtrypsininhibitoryactivity
in theseedsof Cajanus cajan is showninTableIV.Phytic
a(,?id,totaloxalateandtannincontentsweresignificantly
reducedby all the processingmethods.Levelsof total
phenolicsandtrypsininhibitoryactivitywerenot signifi-
cantlyaffectedby soaking but were decreasedby the
heattreatments(cookingandautoclaving).
Basedon datafromthisstudy,theautoclavedseedsof
Cajanus cajan mayconstitutean additionto the list of
food legumesbeingadvocatedfor consumptionin Nige-
ria.
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